was measured by nitrogen adsorption in a nitrogen adsorption apparatus (BEL Japan, BELSORP-18 Plus). The BET surface area (SBET) was determined using the adsorption data in the relative pressure (P/P0) range of 0-1 by a multipoint BET method.
The samples were degassed at 150 °C prior to the nitrogen adsorption measurements. 
Preparation of PNPEA/MWCNTs nanocomposite

Column Preparation
100.0 mg of the nanocomposite as sorbent was slurred in water and then poured into a glass column (120 mm × 20 mm) with a porous disk. The columns were used repeatedly, after washing with distilled water. It was determined that the columns were stable for up to 8 adsorption-elution cycles without any noticeable decrease in the recovery of palladium. The column was dried in a vacuum oven at 60 ºC for 3 h, and then used in the following optimization conditions.
Real sample pretreatment
The tested water samples were distilled water, tap water (Tehran, Iran), sea water (Persian Gulf and Caspian Sea), spring water, and lake water.The soil sample was collected from Mouteh gold mine (Iran). Two mine stone samples with a certified palladium content, reported by the Geological Survey of Iran, were obtained. The water samples were collected in polyethylene bottles, that were cleaned using an acid bath, and then filtered through nylon filters (Millipore, 0.22 µm) prior to analysis. Certified reference materials (0.2 g) and soil samples (0.2 g) were digested using an 8 mL mixture of 5% aqua regia with the assistance of a microwave digestion system. Digestion was carried out for 2 min at 250 W, 2 min at 0 W, 6 min at 250 W, 5 min at 400 W, and 8 min at 550 W, and the mixture was then vented for 8 min. The residue from the digestion, as well as a controlled digestion, was then diluted with deionized water. Finally, the pH of each solution was adjusted to 4.0 by drop wise addition of HCl and NaOH for separation and pre-concentration of Pd(II) ions from the water samples.
Afterwards, the 500 mL of solutions were passed through the previously discussed column using a flow rate of 12 mL min -1 .
has been extensively used in solid-phase extraction technique as an efficient sorbent with versatility and a porous texture for separation of metal ions [24] . solution was purchased from Merck (Darmstadt, Germany), and all solutions were prepared using deionized water. To address this dependence, the SPE technique was optimized for various analytical parameters using synthesized nanocomposite.
Apparatus
Several ion interference effects were also investigated.
Characteristics of modified MWCNTs with PNPEA
SEM images of neat MWCNTs and PNPEA/MWCNTs nanocomposites prepared by in situ polymerization of Probably, thiourea can form a better complex with palladium in comparison with functional groups of PNPEA.
The effect of eluent volume on the recovery of palladium ions was also studied. As Table 1 In order to further examine the porous structure of the nanocomposite, N 2 adsorption-desorption isotherms were employed. The surface area and the mean pore size of the hierarchical porous sorbent were about 140 m 2 g -1 and 7.1 nm, respectively, as determined by the BET method.
Effect of pH
Generally, the main adsorption sites on the modified 
Effect of sample and eluent flow rate
In order to study the effect of sample and eluent flow rates on the extraction recovery, 15 mL of 1 mg L -1 palladium solution was utilized. The solution pH was adjusted to 4.0 and it was passed through the column at different flow rates within the range of 1-14 mL min -1 using a peristaltic pump. Finally, the column was washed with 5 mL of the selected eluent at different flow rates.
The optimum flow rates for adsorption and desorption were obtained within the range of 1 to 12 and 1 to 4 mL min -1 for PNPEA/MWCNTs nanocomposite, respectively.
Effect of sample volume
Palladium exists in low concentrations (at trace levels) in real samples because these samples have large volumes, therefore, to obtain higher pre-concentration factor, these trace concentrations should be transferred to smaller volumes of the eluent. Hence, the maximum volume of the sample volume was optimized by investigating the recovery of palladium ions in various synthetic sample volumes within the range of 250-2500 mL containing 10 µg of palladium. The recovery of palladium seemed to be consistent until 2200 mL, and this volume was chosen as the largest sample volume for measurements.
Effect of interfering ions
The effect of various cations present in natural samples was studied for the determination of palladium. and Fe 3+ were added to individual palladium-containing solutions, listed in Table 2 . A similar procedure for palladium extraction by PNPEA/MWCNTs nanocomposite was followed. As shown in Table   2 , the vast majority of transition metals that exist in nature have no interference with the determination of palladium ions in real samples, and the method is selective toward palladium extraction at pH 4.0.
Furthermore, the extraction is not affected by high concentrations of alkaline and alkaline earth metals. Therefore, the presented SPE technique can be used for the selective and sensitive determination of palladium concentration in real samples.
Maximum adsorption capacity
The adsorption capacity, defined as the amount of palladium ions per unit mass of the sorbent, was investigated. In order to investigate the adsorption capacity of PNPEA/MWCNTs for palladium ions, 500 mL portions of aqueous solutions were passed through the column containing 25 mg of palladium ions at optimal pH. In order to evaluate the maximum adsorption capacity, the difference between concentration of the solution before passing through the column and the concentration of the solution after passing through the column was calculated. A maximum adsorption capacity of 101.5 mg g −1 was obtained for PNPEA/MWCNTs nanocomposite.
Analytical performance
Under the optimum conditions described (Table 3) . The calibration curve after pre-concentration is shown in Figure 4 . Application of poly (N-phenylethanolamine) modified MWCNTs as a new sorbent for solid-phase extraction of trace palladium ions in soil and water samples samples were spiked with a known concentration of 5 ng/mL.
The recovery of the analytes (94.8-99.6%) demonstrates the suitability of the sorbent for the selective extraction and determination of Pd(II) in spiked real samples.
Comparison with other methods
LOD and maximum adsorption capacity for palladium extraction using conducting polymer/MWCNTs nanocomposite are compared with other previously established methods, and the results are summarized in Table 7 . As shown, the mentioned method using PNPEA/MWCNTs nanocomposite offers relatively high adsorption capacity and low detection limits as compared to other previous methods. The prepared sorbent can be used several (8) times without any decrease in extraction recovery.
Conclusions
To the best of the author's knowledge, this is the first time that poly (N-phenylethanolamine) /multi-walled carbon nanotubes, have been used as an adsorbent for palladium.
This SPE technique was successfully applied for separation, determination, and pre-concentration of palladium from environmental samples. This method is simple, reliable, and it is found to be a selective and sensitive method for the determination of trace levels of Pd(II) in real samples. . The pre-concentration factor was found to be 150 for Pd(II) ion.
3.9.Solid-phase extraction of palladium in real samples and certified reference material
Since natural samples have complex matrices, non-specific background absorption can be caused by interfering species of the sample matrix. To reduce this undesirable effect, PNPEA/ MWCNTs were applied for selective extraction of palladium ions at a pH of 4.0. Two samples with certified concentrations were used for the validation of the proposed method. As can be seen in Table 4 , good correlation was achieved between estimated content by the present method and reference material. Therefore, PNPEA/MWCNTs can be used as a reliable solid-phase for extraction and determination of lead and copper ions in soil and water samples (Tables 5 and 6 ). To make sure that the measured concentrations were in accordance to actual amounts, the The most important characteristic of the PNPEA/MWCNTs is its excellent selectivity toward Pd(II) over other ions. The convenient detection limit and enrichment factor for the Application of poly (N-phenylethanolamine) modified MWCNTs as a new sorbent for solid-phase extraction of trace palladium ions in soil and water samples
